Introduction Pre-operative biopsy and diagnosis of chordomas of the mobile spine is indicated as en bloc resections improve outcomes. This review of the management of mobile spine chordomas includes two cases of unexpected mobile spine chordomas where a preoperative tissue diagnosis was decided against and may have altered surgical decision-making. Case presentation Two lumbar spine chordomas thought to be metastatic and primary bony lesions preoperatively were not biopsied before surgery and eventual pathology revealed chordoma. Preoperative diagnoses were questioned during surgery after an intraoperative tissue diagnosis of chordoma in one case and unclear pathology with non-characteristic tumor morphology in the other. The surgical plan was altered in these cases to maximize resection as en bloc resection reduces the risk of local recurrence in chordoma. Discussion Mobile spine chordomas are rare and en bloc resection is recommended, contrary to the usual approach to more common spine tumors. Since en bloc resection of spine chordomas improves disease free survival, it has been recommended that tissue diagnosis be obtained preoperatively when chordoma is considered in the differential diagnosis, in order to guide surgical planning. We present two cases where a preoperative biopsy was considered but not obtained after neuroradiology consultation and imaging review, which may have been managed differently if the diagnosis of spine chordomas were known pre-operatively.
Introduction
Chordomas are rare primary bone tumors with notochord origins that occur with an incidence of 0.08 in 100,000 and peak between the 5th and 6th decades of life. Most are located at the extremes of the craniospinal axis, with 40% at the skull base and 50% in the sacrococcygeal region [1, 2] . Despite this preferential distribution, cases in the mobile spine are well described [3] . Chordomas are characterized as low grade tumors and follow an indolent course but can grow to cause spinal canal stenosis or instability and pathological fractures [4] .
Treatment protocols include radiation alone or surgery with or without radiation. Surgical approaches include an intralesional excision, en bloc resection, or en bloc resection with margins and adjuvant radiotherapy is often given. Local recurrence rates are high and chordomas are relatively radioresistant tumors, and en bloc resection is the only treatment that provides good chances of disease free survival beyond 5 years [5, 6] . Depending on the location of the tumor in the spine, en bloc resection is not always possible and the benefits need to be weighed with potential risks. Accordingly, there are established classifications to assist with planning and guiding aggressiveness of surgical resection [4, 7] .
A preoperative biopsy is indicated in potential chordomas to confirm the diagnosis and surgical approach planning, which may differ from other potential diagnoses. Here we present two cases of lumbar spine chordomas in which a biopsy was not obtained due to imaging favoring of alternative diagnoses. We discuss the impact on patient care of this approach and recommend when one may consider preoperative tissue diagnosis.
Case 1 A 63-year-old previously healthy female presented with 8 months of progressive lower back pain radiating into her legs. She had limited ambulation and had begun using a walker. She had no known history of cancer but did have a family history of breast cancer in her mother. Figure 1a , b shows an L4 pathological on CT with coarse trabeculations in the vertebral body suggesting intraosseous hemangioma, initially treated conservatively. Follow up magnetic resonance imaging (MRI) (Fig. 1c) then demonstrated a mass extending posteriorly into the canal and left L4/5 foramina and she was referred for neurosurgical opinion.
An image-guided biopsy was requested. There was a consensus between two neuroradiologists that the most likely diagnosis was an osseous hemangioma with extraosseous extension and both plasmocytoma and chordoma were considered much less likely. Given the likelihood of the presumptive diagnosis of hemangioma and the risk of hemorrhage during the procedure, CT guided biopsy was deemed unnecessary.
She underwent preoperative embolization of the lesion based on the presumed diagnosis of hemangioma, where no highly vascular tumor was seen, followed by the planned posterior decompression and fusion with tumor resection. After pedicle screw insertion (L2-3 and L5-S1) and decompression, a greyish mass was seen in the epidural Fig. 1 CT, space with a thin capsule which raised concern of an alternative diagnosis. The results of an intraoperative open biopsy were consistent with chordoma. The operative plan was then modified to a more radical resection. An L4 corpectomy with cage insertion was completed and all visible tumor was removed.
She did not have any major complications and was transferred to rehab postoperatively. The final pathology confirmed chordoma with physaliferous cells (Fig. 1d) and strong cellular immunolabeling with brachyury (Fig. 1e) . She did undergo adjuvant radiotherapy.
Case 2 A 68-year-old female presented with a new diagnosis of an endometrial mass and two weeks of progressive lower back pain and limited ambulation, as well as mild left hip flexion weakness. A CT scan showed an L2 lytic lesion extending posteriorly on the left side with an associated pathological fracture (Fig. 2a, b ). An MRI showed an L2 lesion with epidural extension causing mild canal stenosis and extension into posterior elements on the left side (Fig.  2c, d) . A similar discussion regarding the potential role for biopsy took place and it was chosen against as a metastatic lesion was highly favored, and no biopsy was required.
The T12-L1 and L3-4 pedicle screws were placed as planned and decompression carried on extending to the left pedicle. At this point a lesion of liquid-consistency presented itself and intraoperative pathology was described as lesional but diagnosis was not yet clear. The surgical plan was then altered to a more radical approach with partial vertebrectomy and all visible tumor was removed to attempt gross total resection as the nature of the lesion was unclear.
Her postoperative course was non-complicated and she was discharged home. Final pathology showed chordoma, confirmed with brachyury immunolabelling. She was offered a redo operation for attempted en bloc resection consistent with the literature but she instead elected to pursue radiation therapy at this time [8] .
Discussion
Although it is well established that en bloc resection is the optimal treatment for chordomas, these lesions are not frequently found in the mobile spine. Since other tumors especially metastatic lesions are much more frequent, these are often favored and surgical resection is planned accordingly. There are many published cases of chordomas where other diagnoses were presumed preoperatively [9] [10] [11] [12] [13] , and at least one case report where preoperative biopsy was not done and an intraoperative diagnosis of chordoma was made, changing the operative plan to en bloc resection [9] .
The initial surgical procedure for chordoma is the sole opportunity to achieve an en bloc resection, highlighting the importance of tissue diagnosis for unusual appearing osseous lesions of the mobile spine to guide decision making. The surgical approach for an en bloc resection in the spine differs significantly from the more standard posterior fusion and antero-lateral decompression through the pedicles, used often for metastatic disease and other tumors. In the spine, en bloc resection and anterior column reconstruction might entail nerve root sacrifice and risk of neurological deficits. This may be acceptable to some patients but not all, and require thorough pre-operative discussion. Accordingly, it has been recommended that a preoperative biopsy be obtained for a lesion where a chordoma is considered in the differential diagnosis prior to planning the surgical approach [6] .
In these two cases, chordoma was considered in the differential diagnosis and a preoperative biopsy was discussed but not completed prior to resection due to imaging characteristics being more suggestive of alternative diagnosis. Here we hope to underscore the importance of adherence to recommendations for management of potential mobile spine chordomas, which should be followed regardless personal and institutional biases. Diagnoses based solely on imaging are not always correct, and in cases where pre-operative diagnosis has the potential to change management significantly, it must be obtained. Patients are better served by undergoing a biopsy that turns out to be negative for chordoma followed by surgery than a suboptimal surgical resection plan based on imaging diagnosis only ("The greatest danger is not that our aim is too high and we miss it but that it is too low and we reach itMichelangelo").
Clearly, preoperative diagnosis is important in guiding patient counseling and in guiding surgical approach to potentially reduce the risk of local recurrence of chordomas. In future cases where CT guided biopsy is not available or even if deemed unnecessary by neuroradiology, one may consider a transpedicular needle biopsy prior to planning surgical resection according to recommendations made by Boriani et al. [7] .
